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Description

Technical Field

[0001] The present disclosure generally relates to a
technique for performing a device-to-device operation.
More specifically, and without limitation, methods and
devices are provided for determining a reference time for
the device-to-device operation.

Background

[0002] During Release 12 of the 3rd Generation Part-
nership Project (3GPP), the Long Term Evolution (LTE)
standard has been extended with support of a device-to-
device (D2D) operation for a so-called sidelink (SL) tar-
geting both commercial and Public Safety applications.
The D2D operation according to 3GPP LTE Release 12
includes device discovery, which enables D2D devices
to sense the proximity of another D2D device, and asso-
ciated application by broadcasting and detecting discov-
ery messages that carry device and application identities.
The D2D operation further includes direct communica-
tion based on physical channels terminated directly be-
tween the D2D devices.
[0003] The D2D communication enables D2D devices
in the proximity of each other to communicate in a peer-
to-peer (i.e., direct) fashion, rather than communicating
through a wireless access point or base station of the
LTE radio access network. For example, D2D devices in
an LTE system utilize the cellular uplink spectrum. That
is, the D2D devices transmit D2D signals in the uplink
part of the LTE spectrum.
[0004] A legacy D2D operation may support a half-du-
plex mode, i.e. the D2D device can either transmit D2D
signals or receive D2D signals. A more advanced D2D
operation may uses a further D2D device to relay D2D
signals to one or more receiving D2D devices.
[0005] Based on the 3GPP contribution document
R4-164751, "WF on RRM core requirement for V2V", LG
Electronics, the Radio Resource Management (RRM)
core requirements for vehicle-to-vehicle (V2V) operation
are under study. The V2V operation typically uses a glo-
bal navigation satellite system (GNSS) for acquiring tim-
ing information for the V2V operation on the sidelink.
[0006] WO 2014/158064 A1 discloses a method for
use in a device and a device for selecting a synchroni-
zation reference. According to the disclosed embodi-
ments, the device is configured to receive a synchroni-
zation status information from each synchronization ref-
erence. The device is further configured to determine a
priority based on each received status information and
to assign an own synchronization priority. Thereafter, the
device is configured to compare the priorities and based
on the comparison, selects a synchronization reference
based on the result of the comparison.
[0007] Conventional D2D devices may be capable of
supporting multiple GNSSs, e.g. Global Positioning Sys-

tem (GPS), Galileo, BeiDou, etc. While multiple GNSSs
exist and may be supported by the D2D device, conven-
tional D2D devices use a pre-defined GNSS.
[0008] However, using the pre-defined GNSS may be
not optimal.

Summary

[0009] Accordingly, there is a need for a technique that
allows improving the coexistence of a wireless radio ac-
cess network and a sidelink.
[0010] As to one aspect, a method of performing a de-
vice-to-device (D2D) operation is provided. The method
comprises a step of obtaining, for each of two or more
non-terrestrial synchronization sources, a first reference
timing of the corresponding non-terrestrial synchroniza-
tion source; a step of obtaining a second reference timing
of a terrestrial synchronization source; a step of deter-
mining one of the non-terrestrial synchronization sources
based on a comparison between the first reference tim-
ings and the second reference timing; and a step of per-
forming the D2D operation using the first reference timing
of the determined non-terrestrial synchronization source.
[0011] By determining the first reference timing under-
lying the D2D operation, e.g., for subframes of a sidelink
(SL), depending on the second reference timing, e.g.,
underlying a terrestrial wireless access network (WAN),
the coexistence of D2D operation and WAN operation
can be improved.
[0012] The determining step may be implemented by
determining, based on a comparison between the first
reference timings and the second reference timing, at
least one of the non-terrestrial synchronization sources
and the first reference timings. Alternatively or in addition,
the step of performing the D2D operation may be imple-
mented using the at least one first reference timing of the
determined at least one non-terrestrial synchronization
source and/or using the determined at least one first ref-
erence timing.
[0013] The technique can be embodied to control the
selection of the first reference timing for the D2D opera-
tion, e.g., a GNSS selection. A GNSS synchronization
for the D2D operation may be aligned with a WAN syn-
chronization, e.g., by determining matching first and sec-
ond reference timings.
[0014] The method may be performed by a device
(e.g., an LTE user equipment or UE) configured for the
D2D operation (D2D device). The WAN may be an LTE
radio access network (RAN). The terrestrial synchroni-
zation source may be a base station (e.g., an evolved
Node B or eNB) of the WAN. The non-terrestrial synchro-
nization sources may include GNSSs.
[0015] The D2D operation may include radio measure-
ments (e.g., on the sidelink), vehicle-to-vehicle (V2V)
communication or any other vehicle-based communica-
tion (V2x communication).
[0016] By way of example, the user equipment (UE)
can be configured with sidelink subframes for V2V oper-
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ation on the same carrier which is also used for WAN
operation (e.g., uplink subframes of the WAN). The UE
may use the eNB-based timing (e.g. autonomous adjust-
ment or timing advance) for WAN operation, e.g., for a
transmission on uplink subframes.
[0017] For V2V operation on the sidelink subframes, a
conventional device may use any one of the first refer-
ence timings. Different GNSSs may lead to different D2D
timings. However, there can be a timing misalignment
between the WAN and some of the GNSSs leading to
timing mismatch between the frame boundaries of uplink
subframes of the WAN and sidelink subframes of the
D2D operation, e.g., a timing misalignment between the
WAN operation and D2D operation used for the V2V com-
munication, as discussed in the contribution documents
R4-164332 and R4-162563, "Discussions on V2V UE
transmit timing requirements", Ericsson. The timing mis-
alignment between GNSS and WAN reference timings
can degrade WAN and/or D2D operations as any of the
D2D devices in the WAN uses the GNSS for deriving the
D2D timing.
[0018] To avoid performance degradation of WAN and
D2D operations, the technique can be implemented for
the D2D devices supporting multiple GNSSs.
[0019] The D2D device implementing the technique
may use the GNSS that has least impact on the WAN
operation, e.g., the GNSS leading to the smallest differ-
ence between the first reference timing of the GNSS and
the second reference timing of the WAN. Hence, the tech-
nique can be implemented to ensure least degradation
of both WAN performance and the D2D performance,
e.g., when using time-shared resources on the same car-
rier.
[0020] Based on the comparison, out of multiple non-
terrestrial synchronization sources, the one that leads to
the smallest absolute value of the time misalignment be-
tween the second reference timing of the WAN and the
corresponding first reference timing for the D2D opera-
tion may be determined. The second reference timing
and the first reference timings may be expressed in terms
of a start of a frame of the WAN and a start of a corre-
sponding frame of the D2D operation, respectively.
[0021] Alternatively or in addition, the determining step
may be controlled by requirements defined based on syn-
chronization with a non-terrestrial synchronization
source.
[0022] Any one of the reference timings may include a
(e.g., unlimited and/or periodic) sequence of timing mes-
sages of the corresponding synchronization source. The
determining step may be based on one or more timing
messages of each synchronization source. The D2D op-
eration may use further or other timing messages of the
corresponding synchronization source than the one or
more timing messages on which the determining step is
based.
[0023] By way of example, a GPS satellite, as an ex-
ample for the non-terrestrial synchronization source, may
update the corresponding first reference timing by trans-

mitting the timing message every 30 seconds.
[0024] The first reference timing may be obtained (e.g.,
directly or indirectly) from the corresponding non-terres-
trial synchronization source. For example, a terrestrial
transmitter may provide (e.g., forward or emulate) a sig-
nal from the corresponding non-terrestrial synchroniza-
tion source. Alternatively or in addition, obtaining the first
reference timing may include receiving assistance infor-
mation for the corresponding non-terrestrial synchroni-
zation source, e.g., an almanac, an estimated code
phase and/or an estimated Doppler shift of the corre-
sponding non-terrestrial synchronization source.
[0025] The D2D operation may encompass a proximity
service (ProSe). Alternatively or in addition, the D2D op-
eration may encompass a vehicle-based operation, e.g.,
a vehicle-to-vehicle communication (V2V), a vehicle-to-
infrastructure (V2I) communication or any other V2x com-
munication.
[0026] The non-terrestrial synchronization sources
may include synchronization sources within the atmos-
phere and/or outside the atmosphere. The non-terrestrial
synchronization sources may include satellite-based
synchronization sources, drone-based synchronization
sources and/or balloon-based synchronization sources.
Herein, a "drone" may encompass any motorized un-
manned aircraft. A "balloon" may encompass any buoy-
ancy-lifted aircraft.
[0027] The non-terrestrial synchronization sources
may include at least two instances of a Global Navigation
Satellite Systems, GNSSs; a satellite of at least one
GNSS; and a GNSS-equivalent synchronization source.
By way of example, for a known position, one satellite of
a GNSS may provide one first reference timing. The
GNSS-equivalent synchronization source may include a
terrestrial transmitter that forwards or emulates a signal
from the corresponding GNSS.
[0028] The D2D operation may relate to at least two
D2D devices within range for direct or relayed radio com-
munication. The method may be performed by one of the
at least two D2D devices.
[0029] The method may further comprising a step of
reporting the determined non-terrestrial synchronization
source. E.g., a network node or a peer D2D device may
be informed. The determined non-terrestrial synchroni-
zation source may be reported to the at least one other
D2D device.
[0030] The terrestrial synchronization source may in-
clude a synchronization source device (e.g., the network
node) comprised in a wireless access network (WAN). A
device may be comprised in the WAN, if the device is
within an area covered by the WAN, associated with the
WAN, in a connected state with the WAN according to a
Radio Resource Control (RRC) protocol and/or camped
on a cell of the WAN. The synchronization source device
may be a network node, a base station or an access point
of the WAN.
[0031] The D2D operation may use radio resources in
the uplink spectrum of the WAN. Alternatively or in addi-
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tion, the D2D device that performs the method may be
comprised in the WAN. The method may further comprise
the step of communicating in the WAN. The communi-
cation in the WAN may not include the at least one other
D2D device.
[0032] The D2D device that performs the method may
determine the non-terrestrial synchronization source of
the first reference timing so that the first reference timing
used for the D2D operation is compatible with the second
reference timing used for the communication in the WAN.
[0033] At least one of the D2D devices may be not
comprised in the WAN. A device may be not comprised
in the WAN, if the device is outside of the area covered
by the WAN, not associated with the WAN, in an RRC-
idle state and/or incompatible with a radio access tech-
nology (RAT) of the WAN.
[0034] The D2D device that performs the method may
be comprised in the WAN, and the at least one other D2D
device may be not comprised in the WAN, or vice versa.
Alternatively or in addition, each of the D2D devices may
be not comprised in the WAN.
[0035] The at least two D2D devices may include the
D2D device that performs the method and the synchro-
nization source device.
[0036] The D2D device that performs the method may
determine the non-terrestrial synchronization source of
the first reference timing so as to be compatible with the
second reference timing received from the other D2D
device as the synchronization source device.
[0037] The comparison may include determining, for
each of the non-terrestrial synchronization sources, a re-
lation between the first reference timing of the corre-
sponding non-terrestrial synchronization source and the
second reference timing. The relation may include at
least one of a time misalignment and a drift between the
first reference timing of the corresponding non-terrestrial
synchronization source and the second reference timing.
[0038] The one non-terrestrial synchronization source
may be determined if the corresponding relation fulfils a
predefined margin and/or includes a minimum among
the relations for the non-terrestrial synchronization
sources.
[0039] Alternatively or in addition, using the first refer-
ence timing of the determined non-terrestrial synchroni-
zation source may include correcting the first reference
timing depending on the corresponding relation.
[0040] At least one of the first reference timings and
the second reference timing is obtained by time-correlat-
ing a signal received from the corresponding synchroni-
zation source with a predefined reference signal or syn-
chronization signal.
[0041] The first reference timing of the determined non-
terrestrial synchronization source may be used to define
a frame structure of the D2D operation. The frame struc-
ture may be a radio frame structure. The frame structure
may include at least one of subframes, slots and symbols.
[0042] The D2D operation may include or prepare at
least one of a D2D discovery and a D2D communication.

The D2D operation may include a radio transmission
from a first D2D device to a second D2D device. The first
D2D device, the second D2D device and/or the D2D de-
vices to which the D2D operation relates may be com-
prised in or may define a D2D network. The first device
or the second device may be the device performing the
method. The radio transmission may include at least one
of payload data and control signaling of the D2D opera-
tion.
[0043] The radio transmission may be scheduled
based on the first reference timing of the determined non-
terrestrial synchronization source.
[0044] The D2D operation may include at least one of
transmitting or receiving sidelink synchronization signals;
determining a starting time and/or a time period for re-
ceiving a radio signal from a D2D device or transmitting
a radio signal to a D2D device; and performing a hando-
ver.
[0045] At least the step of obtaining the first reference
timings or the method may be triggered by at least one
of: discovering at least one of the non-terrestrial synchro-
nization sources; receiving assistance information for at
least one of the non-terrestrial synchronization sources;
determining that the relation between a currently used
first reference timing and the second reference timing
exceeds a predefined margin; and determining that a re-
ceived signal quality of a currently used non-terrestrial
synchronization source, a D2D device or a network node
falls below a predefined threshold.
[0046] The assistance information may be received
from a terrestrial transmitter, e.g., from the network node
of the WAN.
[0047] One or each of the devices participating in the
D2D operation may be a participant in the WAN. The
WAN may communicate by means of electromagnetic
induction, electromagnetic waves and/or optics. The
WAN may be a radio access network (RAN). Alternatively
or in addition, one or each of the devices participating in
the D2D operation may be a network node (e.g., a base
station) of the RAN, which may be configured to provide
radio access in the RAN.
[0048] The one method aspect may be performed by
a device configured to access the RAN (also referred to
as radio node).
[0049] As to another aspect, a computer program prod-
uct is provided. The computer program product compris-
es program code portions for performing any one of the
steps of the method aspects disclosed herein when the
computer program product is executed by one or more
computing devices. The computer program product may
be stored on a computer-readable recording medium.
The computer program product may also be provided for
download via a data network, e.g., the WAN and/or the
Internet. Alternatively or in addition, the method may be
encoded in a field-programmable gate array (FPGA)
and/or an application-specific integrated circuit (ASIC),
or the functionality may be provided for download by
means of a hardware description language.
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[0050] As to one device aspect, a device for performing
a device-to-device (D2D) operation is provided. The de-
vice may be configured to perform the one method as-
pect.
[0051] In some embodiments, a term "network node"
may be used to encompass any type of radio network
node or any network node, which communicates with a
UE and/or with another network node. Examples of net-
work nodes include a NodeB (NB), a Master eNode B
(MeNB), a Secondary eNode B (SeNB), a network node
belonging to a Master Cell Group (MCG) or a Secondary
Cell Group (SCG), a base station (BS), multi-standard
radio (MSR) radio node such as MSR BS, an evolved
NB (eNodeB or eNB), a network controller, a radio net-
work controller (RNC), a base station controller (BSC),
a relay, a donor node controlling relay, a base transceiver
station (BTS), an access point (AP), a transmission point,
a transmission node, a Remote Radio Unit (RRU), a Re-
mote Radio Head (RRH), a node in a distributed antenna
system (DAS), a core network node (e.g. MSC, MME,
etc.), or a node for O&M, OSS, SON, positioning (e.g. a
Serving Mobile Location Center or E-SMLC), Minimiza-
tion of Drive Tests (MDT), etc.
[0052] In some embodiments, a term "user equipment"
(UE) may be used to encompass any type of wireless
device communicating with a network node and/or with
another UE in a cellular or mobile communication system.
Examples of UEs include a target device, device-to-de-
vice (D2D) UE, machine-type UE or UE capable of ma-
chine-to-machine (M2M) communication, a personal dig-
ital assistant (PDA), PAD, Tablet, mobile terminals, smart
phone, laptop embedded equipped (LEE), laptop mount-
ed equipment (LME), Universal Serial Bus (USB) don-
gles, proximity services (ProSe) UE, V2V UE, V2x UE,
etc.
[0053] In some embodiments a term "radio node" may
be used to encompass a wireless access network (WAN)
node or radio access network (RAN) node. The radio
node can be a UE (e.g., a D2D UE) or a network node
(e.g. access point, BS, etc.). The WAN node is also in-
terchangeably called as cellular node, network source
node, etc.
[0054] In some embodiments a term "GNSS source"
(or interchangeably "GNSS node", "GNSS system" or
"GNSS") may be used to encompass any type of navi-
gational satellite system (GNSS), which can transmit sig-
nals enabling a UE to acquire certain time reference, e.g.
enable the UE to achieve or attain time synchronization.
The satellite signals may be emulated and/or transmitted
by one or more terrestrial nodes, e.g., so that the UE
perceives the received signals as satellite signals. Non-
limiting examples of GNSS systems include GPS, GLO-
NASS, BeiDou Navigation Satellite, Galileo, etc.
[0055] In some embodiments, a term "time reference"
may be used to encompass a parameter or signal used
by the UE to acquire time synchronization with respect
to a synchronization source. Examples of synchroniza-
tion source include GNSS source, WAN node etc. The

time reference may contain information about a local or
a universal time, e.g. UTC, base station frame start tim-
ing, etc. The time reference may provide information
about the absolute time of the start of a time resource in
a system, e.g. start of frame or subframe or time slot of
WAN node. The time reference may interchangeably be
referred to as a system time reference, WAN node time
reference, GNSS time reference, reference time, refer-
ence timing, synchronization time reference or timing.
[0056] The embodiments are described for LTE. How-
ever, the embodiments are applicable to any RAT or mul-
ti-RAT systems, wherein the UE receives and/or transmit
signals (e.g. data), e.g. LTE FDD/TDD, WCDMA/HSPA,
GSM/GERAN, Wi Fi, WLAN, CDMA2000, 5G, NR, etc.

Brief Description of the Drawings

[0057] Further details of embodiments of the technique
are described with reference to the enclosed drawings,
wherein:

Fig. 1 shows a schematic block diagram of a device
for performing a device-to-device operation;

Fig. 2 shows a schematic block diagram of a device
for handling a device-to-device operation;

Fig. 3 shows a flowchart for a method of performing
a device-to-device operation, which is imple-
mentable by the device of Fig. 1;

Fig. 4 shows a flowchart for a method of handling a
device-to-device operation, which is imple-
mentable by the device of Fig. 2;

Fig. 5 schematically illustrates sequences of sub-
frames;

Fig. 6 schematically illustrates a first example of an
environment for the devices of Figs. 1 and 2;

Fig. 7 schematically illustrates a second example of
an environment for the devices of Figs. 1 and
2;

Fig. 8 schematically illustrates different coverage
scenarios for the devices of Figs. 1 and 2;

Fig. 9 schematically illustrates a coexistence of a
wireless access network operation and a de-
vice-to-device operation;

Fig. 10 schematically illustrates a subframe structure
for a device-to-device operation;

Fig. 11 shows a schematic block diagram a radio
node embodiment of the device of Fig. 1; and

Fig. 12 shows a schematic block diagram a network
node embodiment of the device of Fig. 2.

Detailed Description

[0058] In the following description, for purposes of ex-
planation and not limitation, specific details are set forth,
such as a specific network environment in order to pro-
vide a thorough understanding of the technique disclosed
herein. It will be apparent to one skilled in the art that the
technique may be practiced in other embodiments that

7 8 



EP 3 497 987 B1

6

5

10

15

20

25

30

35

40

45

50

55

depart from these specific details. Moreover, while the
following embodiments are primarily described for a Long
Term Evolution (LTE) implementation or a successor
thereof, it is readily apparent that the technique described
herein may also be implemented in any other wireless
communication network, including a Wireless Local Area
Network (WLAN) according to the standard family IEEE
802.11 (e.g., IEEE 802.11a, g, n or ac) and/or a World-
wide Interoperability for Microwave Access (WiMAX) ac-
cording to the standard family IEEE 802.16.
[0059] Moreover, those skilled in the art will appreciate
that the functions, steps, units and modules explained
herein may be implemented using software functioning
in conjunction with a programmed microprocessor, an
Application Specific Integrated Circuit (ASIC), a Field
Programmable Gate Array (FPGA), a Digital Signal Proc-
essor (DSP) or a general purpose computer, e.g., includ-
ing an Advanced RISC Machine (ARM). It will also be
appreciated that, while the following embodiments are
primarily described in context with methods and devices,
the invention may also be embodied in a computer pro-
gram product as well as in a system comprising a com-
puter processor and memory coupled to the processor,
wherein the memory is encoded with one or more pro-
grams that may perform the functions and steps or im-
plement the units and modules disclosed herein.
[0060] Fig. 1 schematically illustrates a block diagram
of a device 100 for performing a device-to-device (D2D)
operation. The device 100 comprises a first reference
timing module 102 for obtaining first reference timings
from at least two non-terrestrial synchronization sources,
and a second reference timing module 104 for obtaining
a second reference timing from a terrestrial synchroni-
zation source. A determination module 106 determines
one of the non-terrestrial synchronization sources by
comparing their first reference timings with the second
reference timing. A D2D module 108 performs the D2D
operation based on the first reference timing of the de-
termined non-terrestrial synchronization source.
[0061] The device 100 may be embodied by a radio
node or any wireless device configured for the D2D op-
eration (D2D device). The D2D operation involves at
least two D2D devices, e.g., the device 100 and at least
one counterpart for the D2D operation of module 108. At
least one or each of the D2D devices embodies the de-
vice 100.
[0062] Fig. 2 schematically illustrates a block diagram
of a device 200 for handling (e.g., controlling or support-
ing) a D2D operation. The device 200 comprises a first
reference timing configuration module 202 for configur-
ing a radio node to obtain, for each of two or more non-
terrestrial synchronization sources, a first reference tim-
ing of the corresponding non-terrestrial synchronization
source.
[0063] Optionally, the device 200 comprises a second
reference timing configuration module 204 for configur-
ing the radio node to obtain a second reference timing
of a terrestrial synchronization source. The module 204

may be omitted, e.g., if the radio node is (e.g., according
to a communication standard) configured to obtain the
second reference timing from the terrestrial synchroni-
zation source for any D2D operation or upon cell search.
[0064] The device 200 further comprises a determina-
tion configuration module 206 for configuring the radio
node to determine one of the non-terrestrial synchroni-
zation sources based on a comparison between the first
reference timings and the second reference timing.
[0065] Optionally, the device 200 further comprises a
D2D configuration module 208 for configuring the radio
node to perform the D2D operation using the first refer-
ence timing of the determined non-terrestrial synchroni-
zation source. The module 208 may be omitted, e.g., if
the D2D operation is out of network coverage. Alterna-
tively, the module 208 may support the D2D operation,
e.g., by granting radio resources (e.g., for data transmis-
sion and/or control signaling) and/or by relaying the data
transmission and/or the control signaling.
[0066] The device 200 may be embodied by a network
node. The network node may be a base station, an ac-
cess point or any (e.g., cellular, local or global) controller
of a wireless access network (WAN, e.g., a radio access
network, RAN).
[0067] The terrestrial synchronization source may be
provided by the WAN. The network node, e.g., the device
200, may be the terrestrial synchronization source and/or
may provide the first reference timing.
[0068] The radio node, e.g., the device 100, may be
configured for both communicating in the WAN and for
the D2D operation. The radio node may be a user equip-
ment (UE). In a 3GPP LTE implementation of the WAN,
the network node may be an evolved Node B (eNodeB
or eNB).
[0069] Fig. 3 shows a method 300 of performing a D2D
operation. The method comprises or triggers a step 302
of obtaining, for each of two or more non-terrestrial syn-
chronization sources, a first reference timing of the cor-
responding non-terrestrial synchronization source; a
step 304 of obtaining a second reference timing of a ter-
restrial synchronization source; a step 306 of determining
one of the non-terrestrial synchronization sources based
on a comparison between the first reference timings and
the second reference timing; and a step 308 of performing
the D2D operation using the first reference timing of the
determined non-terrestrial synchronization source.
[0070] The method 300 may be performed by the de-
vice 100, e.g., at the radio node. For example, the mod-
ules 102, 104, 106 and 108 may perform the steps 302,
304, 306 and 308, respectively.
[0071] Fig. 4 shows a flowchart for a method 400 of
handling a D2D operation. The method 400 comprises
one or more steps of sending configuration information
to a radio node. The configuration information triggers
the radio node to perform the method 300. Alternatively
or in addition, the method 400 comprises a step 402 of
configuring the radio node to obtain, for each of two or
more non-terrestrial synchronization sources, a first ref-
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erence timing of the corresponding non-terrestrial syn-
chronization source; an optional step 404 of configuring
the radio node to obtain a second reference timing of a
terrestrial synchronization source; a step 406 of config-
uring the radio node to determine one of the non-terres-
trial synchronization sources based on a comparison be-
tween the first reference timings and the second refer-
ence timing; and an optional step 408 of performing, or
controlling the radio node to perform, the D2D operation
using the first reference timing of the determined non-
terrestrial synchronization source.
[0072] The method 400 may be performed by the de-
vice 200, e.g., at the network node. For example, the
modules 202, 204, 206 and 208 may perform the steps
402, 404, 406 and 408, respectively.
[0073] Herein, D2D operation is a generic term which
may comprise a transmission and/or a reception of any
type of D2D signals (e.g., radio signals and/or on a phys-
ical channel) for discovery (e.g., by notifying another D2D
device or discovery another D2D device) and/or for com-
munication (e.g., with another D2D device). The D2D op-
eration is therefore also referred to as D2D transmission,
D2D reception, D2D communication etc. A device (e.g.,
the device 100 or 200) that is capable of the D2D oper-
ation may be referred to as D2D device (e.g., a D2D UE).
[0074] Radio resources, e.g., a physical channel, used
for the D2D operation are also referred to as a sidelink
(SL). Accordingly, subframes occupied for the D2D op-
eration are also referred to as D2D subframes or SL sub-
frames. In contrast, subframes occupied for operating
the WAN are referred to as WAN subframes.
[0075] Fig. 5 schematically illustrates a time multiplex-
ing of subframes of a WAN and subframes of the D2D
operation, e.g., on the same carrier frequency. Using an
arbitrary or predetermined non-terrestrial synchroniza-
tion source for the D2D operation may cause a time mis-
alignment between WAN subframes and D2D sub-
frames, which can be avoided by the technique.
[0076] The time domain of the WAN subframes is con-
trolled according to the second reference timing of the
terrestrial synchronization source of the WAN. The time
domain of the D2D operation is controlled according to
the first reference timing of one of the non-terrestrial syn-
chronization sources.
[0077] The upper third of Fig. 5 schematically illus-
trates a subframe sequence 500, which can be achieved
by the technique. The boundaries of the D2D subframes
and the WAN subframes (e.g., the UL subframes) do not
overlap. The non-terrestrial synchronization source (e.g.,
a global navigation satellite system or GNSS system)
determined in the step 306 and/or 406 and the second
reference timing (e.g., the WAN timing) are aligned.
[0078] The center and lower thirds of Fig. 5 schemat-
ically illustrate comparative examples 502 and 504 of a
subframe sequence. The frame boundaries of the frames
that comprise the D2D subframes and the WAN sub-
frames are not aligned relative to each other, because
of a mismatch between the first reference timing of a

selected non-terrestrial synchronization source (e.g., a
predetermined GNSS system) and the second reference
timings of the terrestrial synchronization source (e.g., the
WAN).
[0079] In the comparative examples 502, the GNSS
reference timing lags behind the WAN timing resulting in
that a D2D subframe overshoots beyond the start of the
WAN subframe. In other word, the start of the D2D op-
eration is delayed. This degrades the WAN transmission
(e.g., the UL transmission) in said WAN subframe.
[0080] Furthermore, in the comparative examples 504,
the GNSS reference timing is ahead of the WAN timing
resulting in that a D2D subframe is started before the end
of the WAN subframe. In other words, the start of the
D2D operation is too early. This in turn degrades the D2D
operation (e.g., the V2V operation) in the D2D subframe.
[0081] The WAN may be any terrestrial radio network.
The WAN may be a cellular radio network and/or a net-
work comprising beacon nodes transmitting radio signals
for positioning purpose. The network node may be a base
station providing radio access in a cell of the cellular radio
network or an access point transmitting beacon frames.
[0082] Fig. 6 shows a first example of a network envi-
ronment 600 for the D2D operation. Embodiments of the
non-terrestrial synchronization sources 602 include sat-
ellite navigation systems, e.g., GNSSs, or individual sat-
ellites thereof.
[0083] By way of example, any airborne synchroniza-
tion source above a height (e.g., measured above terrain)
or an altitude (e.g., measured above mean sea level) of
100 km may function as one of the non-terrestrial syn-
chronization sources 602.
[0084] Embodiments of the devices 100, e.g., the radio
nodes, may be included in production halls (e.g., sensors,
actuators or robots), in home automation systems (e.g.,
sensors, actuators or household appliances), in mobile
devices (e.g., handheld devices or wearable devices)
and/or in vehicles (e.g., ground-based vehicles or air-
crafts).
[0085] Embodiments of the devices 200 (e.g., the net-
work nodes) may be included in base stations. Such base
stations may be ground-based (e.g., on buildings or
poles) or airborne. Alternatively or in addition, embodi-
ments of the devices 100 are airborne. For example, a
commercial aircraft and/or unmanned aircrafts may im-
plement the device 100 or 200. The unmanned aircrafts
may include solar-powered drones and helium-lifted bal-
loons.
[0086] Furthermore, any one of the embodiments of
the device 100 or 200 (e.g., each of the embodiments of
the device 200) may further be an embodiment of a ter-
restrial synchronization source 604.
[0087] By way of example, any synchronization source
that defines or controls (e.g., locally) the time domain
structure of the WAN may function as the terrestrial syn-
chronization source 604 in the step 304. Alternatively or
in conjunction, any ground-based synchronization
source or any airborne synchronization source below a
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height or an altitude of 100 km may function as the ter-
restrial synchronization source 604.
[0088] Fig. 7 shows a second example of the network
environment 600 for the D2D operation that is combina-
ble with the first example.
[0089] The non-terrestrial synchronization source 602
may be any system (e.g., any navigation system) config-
ured to provide the first timing information. By way of
example, the first timing information may encompass any
timing information that is independent of the WAN and/or
available over an area that is greater than the area cov-
ered by the WAN or the network node of the WAN.
[0090] By way of example, any airborne synchroniza-
tion source above a height or an altitude of 15 km may
function as one of the non-terrestrial synchronization
sources 602 in the step 302. Embodiments of the non-
terrestrial synchronization sources 602 include at least
one of satellite navigation systems (or individual satellites
thereof), balloon-based navigation or timing systems (or
individual balloon-based platforms thereof) and drone-
based navigation or timing systems (or individual drone-
based platforms thereof).
[0091] An implementation of the method 300 in a radio
node as the device 100 is described. The device 100 may
be a D2D-capable UE and/or V2x-capable UE or a radio
network node, e.g., according to 3GPP.
[0092] In the step 302, a set of first reference timings,
T=(Ti; i=1, 2, 3,..), of two or more GNSS systems is ob-
tained. In the step 304, a second reference timing, Tr, of
a radio node comprised in a terrestrial radio network is
obtained.
[0093] A relation between at least one of the first ref-
erence timings and the second reference timing is deter-
mined in the step 306. Optionally, determining the rela-
tion comprises determining an amount of time misalign-
ment, Di, and/or drift of the time misalignment, D’i, be-
tween the first reference timing Ti and the second refer-
ence timing Tr.
[0094] At least based on the determined relation, one
reference timing is selected from the set T in the step
306. In the step 308, the selected reference timing is
used for one or more operational tasks (e.g., for preparing
or performing the D2D operation). Optionally, another
node (e.g., another D2D device functioning as a peer of
the D2D operation) is informed about the selection result,
e.g., in the step 306 prior to the step 308.
[0095] Below exemplary implementations of the steps
of the method 300 are, in any subcombination, combin-
able with above implementations, embodiments and as-
pects.
[0096] In an implementation of the step 302, the device
100 (e.g., an UE) may obtain a set of first reference tim-
ings of two or more GNSS systems. The device 100 may
obtain one or more of the first reference timings with or
without assistance information from another node. The
assistance information may include the corresponding
GNSS or GNSS-equivalent timing information.
[0097] For example, the device 100 may decode the

system information broadcasted by the GNSS system
602. Alternatively or in addition, the device 100 may use
assistance information (e.g. subframe timing, symbol
timing, etc.) from other (e.g., terrestrial) nodes in the WAN
to detect the presence of one or more GNSSs 602 or
GNSS-equivalent systems 602.
[0098] The obtaining step 302 may further comprise
determining a time of arrival (ToA) of the corresponding
one or more first reference signals.
[0099] Alternatively or in addition, the device 100 may
decide to obtain the set of first reference timings from the
plurality of non-terrestrial synchronization sources 602
(e.g., GNSS systems) in the step 302 or may be triggered
to perform the method 300 based on at least one of the
following events or conditions. Furthermore, the device
100 may autonomously decide to perform the step 302
or the method 300, e.g., by detecting any of the events
or applying any of the conditions.
[0100] A first event includes the availability of one or
more non-terrestrial synchronization sources 602 (e.g.,
GNSS systems), e.g., at the location of the device 100.
[0101] A second event includes the reception of assist-
ance information, e.g. from the network node of the WAN
or any terrestrial transmitter. For example, the first refer-
ence timing of one or more of the non-terrestrial synchro-
nization sources 602 may be obtained according to the
step 302, when assistance information is available (e.g.,
from the WAN).
[0102] A third event includes a current relation between
a first reference timing (e.g., based on a currently select-
ed GNSS) and a second reference timing (e.g., based
on the WAN) not meeting one or more criteria (e.g., to
make it possible to reselect to another first reference tim-
ing).
[0103] A fourth event includes the magnitude of the
difference between a first reference timing (e.g., based
on a currently selected GNSS) and a second reference
timing (e.g., based on the WAN) being greater than a
threshold, e.g. a cyclic prefix (CP) length of the symbol
used for transmitting (e.g., cellular) signals or symbols
(e.g., in the WAN).
[0104] A fifth event includes a signal quality of radio
signals received at the device 100 from another radio
node (e.g., of the WAN or of the D2D operation) falling
below a threshold. A sixth event includes a signal quality
of radio signals received at the device 100 from the net-
work node of the WAN falling below a threshold. A sev-
enth event includes a signal quality of radio signals re-
ceived at the device 100 from at least one non-terrestrial
synchronization source (e.g., GNSS system) falling be-
low a threshold.
[0105] An eighth event includes a time elapsed since
the last reference time determination or selection (e.g.,
a previous instance of the step 306) being greater than
a threshold.
[0106] A ninth event includes a time drift of the currently
used first reference timing being above or about to ex-
ceed a threshold.
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[0107] In an implementation of the step 304, the device
100 (e.g., an UE) may obtain a second reference timing
of a radio node 604 (e.g., an embodiment of the device
200) comprised in the WAN. The second reference timing
is also referred to as WAN reference timing or WAN time
reference.
[0108] In one example, the obtaining step 304 may be
based on synchronization signals and/or reference sig-
nals transmitted by the radio node 604 (e.g., the network
node) comprised in the WAN.
[0109] In another combinable example, the second ref-
erence timing may be (or may be indicative of) a start
time of a time resource used by a node of the WAN, e.g.,
an embodiment of the device 100 or 200 being further
configured for radio communication in the WAN.
[0110] The node of the WAN using the time resource
may be the terrestrial synchronization source 604. Alter-
natively or in addition, the node of the WAN using the
time resource and/or the terrestrial synchronization
source 604 may be a base station (e.g., an eNB) of the
WAN or an access point of the WAN, a UE connected or
connectable with the WAN, a WAN synchronization
source (e.g. standalone radio node such as beacon etc.).
[0111] If multiple terrestrial synchronization sources
604 of the WAN are available, the device 100 may select
one of the terrestrial synchronization sources 604 based
on one or more criteria. Examples of the criteria include
signal strength, frequency of transmission of synchroni-
zation signals by the terrestrial synchronization source
604, etc. For example the device 100 may select the ter-
restrial synchronization source 604 with the strongest
signal quality for obtaining the second reference timing.
[0112] Examples of time resource include (e.g., or-
thogonal frequency-division multiplexing or OFDM) sym-
bol, time slot, subframe, frame, System Frame Number
(SFN), transmission time interval (TTI), interleaving time,
etc. The second reference timing may be the start time
of the frame of the network node of the WAN. Alternatively
or in addition, the second reference timing may be the
time reference of another node of the WAN and is ob-
tained by receiving a signal encoding or incorporating
the corresponding time reference information. In yet an-
other example, the second reference timing may be the
time reference of another WAN node and is acquired by
receiving and decoding a message containing the corre-
sponding time reference information.
[0113] In an implementation of the step 306, the device
100 (e.g., an UE) may determine the relation between at
least one of the first reference timings and the second
reference timing.
[0114] The relation may comprise one or more metrics,
e.g., any one or more of the following metrics.
[0115] The relation may include the amount of the time
misalignment, Di, or the drift, D’i, between the first refer-
ence timing Ti and the second reference timing Tr (e.g.,
according to above optional substep of the step 306).
The relation may include a functional relation between
the first and the second reference timings. Examples of

functions (for determining the functional relation) include
difference, subtraction, ratio, absolute difference, etc.
[0116] The relation may include a logical relation, e.g.,
whether or not a function of the first and second reference
timings is above a first threshold and/or below a second
threshold.
[0117] The relation may include a time difference of
arrival of first reference signals for corresponding the first
reference timing and arrival of second reference signals
for the second reference timing. The difference can be
expressed using an arithmetic scale or logarithmic scale.
[0118] An example of an expression of a function for
Di, which may be applied in any of above metrics, relates
the corresponding first reference timing Ti and the second
reference timing Tr, e.g., according to 

wherein β is an implementation margin, e.g., related to
a radio receiver of the device 100. In a special case, β = 0.
[0119] In any of above functions or metrics, the param-
eters Ti and Tr may be current or instantaneous values
(e.g., measured over a time resource such as time slot,
frame etc.) or averaged over multiple time resources.
[0120] More specifically, an example of the function Di
includes the absolute difference between Ti and Tr, e.g.,
according to 

[0121] In any of above implementations or a further
implementation of the step 306, the device 100 (e.g., an
UE) may determine (or select) one non-terrestrial syn-
chronization source 602, e.g., the Global Positioning Sys-
tem (GPS) or another GNSS, out of the plurality of non-
terrestrial synchronization sources 602. The determina-
tion of the non-terrestrial synchronization source 602
may be based on the determined relation.
[0122] For example, the determination 306 of the non-
terrestrial synchronization source 602 comprises deter-
mining the first reference timing Ti corresponding to the
smallest absolute value, abs(Di), of Di. E.g., the GNSS
602 that is least misaligned in time with the second ref-
erence timing is selected.
[0123] Alternatively or in addition, the determination
306 of the non-terrestrial synchronization source 602
comprises determining a Ti, if the result of the relation is
below a first threshold and/or above a second threshold.
[0124] The determination or selection of the non-ter-
restrial synchronization source 602 may comprise deter-
mining or selecting a new reference timing/reference sys-
tem or reselecting the current or old reference timing/ref-
erence system.
[0125] In any implementation of the step 306, the de-
termination or selection of the non-terrestrial synchroni-
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zation source 602 may also comprise prioritizing the
(e.g., determined or selected) non-terrestrial synchroni-
zation source 602 over one or more other non-terrestrial
synchronization sources 602 (e.g., other GNSSs).
[0126] An implementation of the step 308 may include
performing one or more operational tasks. For example,
the step 308 may be implemented by or may comprises
any one or more of the following substeps.
[0127] A first substep comprises determining a time to
receive a radio signal or a channel. The radio signal or
channel may be transmitted by a radio node as a peer
of the D2D operation. The transmitting radio node may
be another embodiment of the device 100. Alternatively
or in addition, the transmitting radio node may be a UE
or a base station, e.g., of the WAN. Optionally, the time
to receive is a function of the determined relation.
[0128] A second substep comprises determining a
time to transmit a radio signal or a channel to a radio
node. The radio node receiving the radio signal or chan-
nel may be another embodiment of the device 100. Al-
ternatively or in addition, the receiving radio node may
be a UE or a base station, e.g., of the WAN. Optionally,
the time to transmit is a function of the determined rela-
tion.
[0129] A third substep comprises determining a time
for an activity state and/or inactivity state, e.g., an ON
duration of the device 100 when in discontinuous recep-
tion (DRX). A fourth substep comprises positioning.
[0130] A fifth substep comprises performing a radio
measurement. The radio measurement performed by the
device 100 may be performed over known signals (e.g.,
reference signals or pilot sequences). The radio meas-
urements may be performed on reference signals such
as Cell-specific Reference Signals (CRS), Channel State
Information Reference Signals (CSI-RS) or Demodula-
tion Reference Signals (DMRS).
[0131] The radio measurement performed by the de-
vice 100 may be performed on a serving cell, on one or
more neighbor cells and/or on the SL. The radio meas-
urement may be done on an intra-frequency carrier, on
one or more inter-frequency carriers and/or on one or
more inter-RAT carriers (e.g., depending upon whether
the device 100 supports that RAT). The inter-frequency
and inter-RAT measurements of the device 100 may be
performed in measurement gaps. The WAN, e.g., the
device 200, may configure the measurement gaps.
[0132] The radio measurements can be done for var-
ious purposes, e.g., for mobility, positioning, self-organ-
izing network (SON), minimization of drive tests (MDT),
operation and maintenance (O&M), network planning
and optimization, etc. The radio measurements may be
done in all Radio Resource Control (RRC) states of the
device 100, e.g., in an RRC idle state and an RRC con-
nected state.
[0133] Examples of measurements in LTE include cell
identification (also known as Physical cell identity, or PCI,
acquisition), Reference Symbol Received Power
(RSRP), Reference Symbol Received Quality (RSRQ),

cell global ID (CGI) acquisition, Reference Signal Time
Difference (RSTD), Receiver Signal Strength Indication
(RSSI) measurement, channel occupancy measure-
ment, UE RX-TX time difference measurement, Radio
Link Monitoring (RLM), which consists of Out-of-Syn-
chronization detection and In-Synchronization detection,
etc.
[0134] Alternatively or in addition, Channel State Infor-
mation (CSI) measurements performed by the device
100 are used for scheduling, link adaptation, etc., e.g.,
by the WAN and/or for the D2D operation. Examples of
CSI measurements or CSI reports include Channel Qual-
ity Indicator (CQI), Precoding Matrix Indicator (PMI), rank
indicator (RI), etc.
[0135] The radio measurement may also include a cell
search. In the downlink radio resources of the WAN, the
subframe #0 and the subframe #5 carry synchronization
signals (e.g., a Primary Synchronization Signal, PSS,
and a Secondary Synchronization Signal, SSS). In order
to identify an unknown cell (e.g. a new neighbor cell), the
device 100 may acquire the timing of that cell and even-
tually the physical cell ID (PCI). This is also referred to
as cell search or cell identification. Subsequently, the de-
vice 100 may measure the RSRP and/or the RSRQ of
the newly identified cell for an autonomous decision
and/or for reporting the measurement to the network
node of the WAN. An LTE implementation of the WAN
may include up to 504 PCIs.
[0136] A sixth substep comprises receiving a signal,
channel or a message (e.g., unicast, multicast or broad-
cast) from another node, e.g., a peer embodiment of the
device 100 for the D2D operation.
[0137] A seventh substep comprises monitoring or re-
ceiving control information, paging or system informa-
tion; performing sensing; time and/or frequency tracking;
synchronization and/or resynchronization to the same or
a different synchronization source 602 or 604; and trans-
mitting a message or indication in response to any of the
above; performing a handover to another radio node or
cell comprised in the WAN.
[0138] An eighth substep comprises applying a com-
pensation to the first reference timing, Ti, and/or to the
second reference timing, Tr. The compensation maybe
computed based on the determined relation between Ti
and Tr and/or the determined relation between Tj and Tr
(for a j-th synchronization source 602 that is different from
the i-th synchronization source 602).
[0139] In any implementation of the step 308, the D2D
operation may be based on a certain frame structure,
e.g., according to Frequency Division Duplex (FDD),
Time Division Duplex (TDD), Half Duplex (HD)-FDD,
Frame Structure type 3 (FS3), etc.
[0140] In an implementation of the optional step of in-
forming (e.g., reporting) as to the determined non-terres-
trial synchronization source 602, the device 100 (e.g., a
UE) may inform, implicitly or explicitly, another node (e.g.,
the peer embodiment for the D2D operation) about the
selection result of the step 306.
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[0141] For example, the device 100 may signal an in-
dication of the selected non-terrestrial synchronization
source 602 to one or more other nodes (e.g., UE or radio
network node). Examples of the other nodes, which re-
ceive the determined information, include the radio net-
work node of the WAN (e.g. eNode B, base station, ac-
cess point, etc.), D2D UEs, D2D relay UEs (or Proximity
Service relays), IoT devices, Narrow Band IoT devices,
core network nodes, positioning nodes or any other node
used for dedicated services (e.g., a SON node). The other
nodes to which the determined information is reported
may be under operator control or third party control. The
other nodes receiving the report may include the receiv-
ing node of the D2D communication.
[0142] Reporting to or sharing with other nodes the re-
sult of the step 306 (i.e., the determined information) can
have significant advantages. One advantage is that the
same information or a part of the information may be
applicable to other nodes in the WAN or the D2D network.
For example, the synchronization source 602 can be re-
used by other D2D devices without repeating the method
300. Alternatively or in addition, the D2D operation (e.g.,
a V2x operation) over multiple carriers, multiple D2D de-
vices and/or cells can be further coordinated, e.g., in or-
der to further improve the WAN and/or the performance
of the D2D operation (e.g., the V2x operation). In this
way, the potential gains can be achieved in larger scale
(e.g., as to the number of D2D devices 100). A second
advantage is that determining the misalignment in the
step 306 of the method 300 can be quite complex some-
times. This can be done in one place and only once, and
then signaled to other nodes in the network. In this way,
processing in the different nodes in the network can be
reduced.
[0143] An implementation of the method 400 in a radio
network node as the device 200 is described. In the step
402, the device 100 (e.g., a UE, preferably a D2D- and/or
V2x-capable UE) is configured to obtain a set of first ref-
erence timings T=(Ti; i=1, 2, 3,..) of two or more GNSS
systems.
[0144] In the optional step 404, the device 100 (e.g.,
the UE) is configured to obtain a second reference timing,
Tr, of a radio node (e.g., the device 200) comprised in a
WAN.
[0145] In the step 406, the device 100 (e.g., the UE) is
configured with at least one parameter related to a func-
tion to be used by device 100 for determining a relation
between at least one of the first reference timings and a
second reference timing.
[0146] Optionally, e.g., in the step 406 or the step 408,
the device 200 determines one reference timing from the
set T at least based on the determined relation, or the
device 200 configures the device 100 to perform the de-
termination 306.
[0147] Alternatively or in addition, e.g., in the optional
step 408, the device 200 uses the selected reference
timing for one or more operational tasks, or the device
200 configures the device 100 to perform D2D operation

308 (e.g., by granting radio resources to the device 100
and/or further D2D devices).
[0148] Implementations of the steps of method 400
performed by the network node as the device 200 are
described in more detail.
[0149] In the step 402, the device 200 may configure
the device 100 (e.g., the UE) to obtain a set of first ref-
erence timing of two or more GNSS systems. The con-
figuration can be done using dedicated signaling, e.g. via
RRC signaling on a shared channel when the device 100
is in RRC_CONNECTED state. All or a plurality of radio
nodes (e.g., embodiments of the devices 100) in
RRC_IDLE state in the same cell (e.g., the cell served
by the device 200) may be configured by the device 200
to obtain a set of first reference timings of two or more
GNSS systems, e.g., according to any of above imple-
mentations of the step 302.
[0150] In the optional step 404, the device 200 may
configure the device 100 to obtain a second reference
timing of a radio node (e.g., the device 200) comprised
in a WAN or any other terrestrial radio network. The con-
figuration can be done using dedicated signaling, e.g. via
RRC signaling on a shared channel when the device 100
is in RRC_CONNECTED state. All or a plurality of radio
nodes (e.g., embodiments of the devices 100) in
RRC_IDLE state in the same cell (e.g., the cell served
by the device 200) may be configured by the device 200
to obtain a set of first reference timing of two or more
GNSS systems, e.g., according to any of above imple-
mentations of the step 304.
[0151] In the step 406, the device 200 may configure
the device 100 with one or more parameters related to a
function to be used by the device 100 for determining a
relation between at least one of the first reference timings
and a second reference timing. The device 200 may sig-
nal the function or parameter directly or, it may indicate,
request or signal the device 100 to use one of a set of
predefined functions.
[0152] After applying the function in the step 306, the
device 100 is caused to select one first reference timing
from the available set of first reference timings obtained
in previous steps. The device 100 may use that reference
timing to perform one or more operational tasks in the
step 308.
[0153] Optionally, the device 200 and/or any other net-
work node of the WAN receives, from the device 100, a
report indicative of the selected first reference timing, i.e.,
the non-terrestrial synchronization source 602 deter-
mined in the step 306. The device 200 uses the first ref-
erence timing of the reported non-terrestrial synchroni-
zation source 602 for one or more operational tasks, e.g.,
in the step 408.
[0154] Alternatively or in addition, in the step 406, the
device 200 determines the first reference timing selected
by the UE, e.g., by evaluating the same function that is
used by the device 100 in the step 306.
[0155] In yet another alternative or in addition, the de-
vice 200 determines, e.g. in the step 406 or 408, the first
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reference timing and/or the corresponding non-terrestrial
synchronization source 602. For example, the network
node (as the device 200) of the WAN selects the first
reference timing based on feedback or measurement in-
formation received from the device 100.
[0156] In the step 408, the device 200 optionally per-
forms one or both of selecting one first reference timing
from the set T at least based on the determined relation;
and using the selected first reference timing for one or
more operational tasks (wherein first reference timing
may be selected by the device 100 or 200).
[0157] The D2D operation may also be referred to as
a proximity service (ProSe). A D2D device (e.g., a UE,
the device 100, a network node or the device 200) may
interchangeably be called a ProSe-capable device or
ProSe device. Similarly, the D2D operation may inter-
changeably be called a ProSe operation.
[0158] A D2D-discovery capable device may be re-
ferred to as device capable of ProSe direct discovery and
D2D direct communication device may also be referred
to as a device capable of ProSe direct communication.
[0159] The link, the channel and/or the carrier that is
used for the ProSe direct communication and/or the
ProSe direct discovery between ProSe devices (e.g., em-
bodiments of the device 100) is referred to as sidelink
(SL). The ProSe operation performed or controlled by
the device 100 and/or the device 200 may broadly com-
prise of ProSe reception (e.g., receiving ProSe signals)
and/or ProSe transmission (e.g., transmitting ProSe sig-
nals).
[0160] Figs. 8A, 8B and 8C schematically illustrate sce-
narios in which the D2D operation (i.e., the ProSe oper-
ation) may be supported.
[0161] Fig. 8A schematically illustrates an instance of
the D2D operation with Out of Network Coverage (ONC,
"out of coverage" or "any cell selection state"). In the
ONC scenario, none of the D2D devices 100 involved in
the D2D operation (e.g., a D2D communication or defin-
ing the D2D network) is under coverage by the WAN.
None of the D2D devices 100 can receive signals from
and/or transmit signals to any of the network nodes of
the WAN, i.e., to devices 200.
[0162] Fig. 8B schematically illustrates an instance of
the D2D operation with Partial Network Coverage (PNC
or "partial coverage"). In the PNC scenario, at least one
of the D2D devices 100 among the D2D devices 100
involved in D2D communication (or defining the D2D net-
work) is under the coverage 800 of the WAN. At least
one D2D device 100 among the D2D devices 100 in-
volved in D2D communication (or defining the D2D net-
work) is not under the coverage 800 of the WAN.
[0163] Fig. 8C schematically illustrates an instance of
the D2D operation In Network Coverage (INC or "in cov-
erage"). In the INC scenario, the D2D devices 100 are
under the full coverage of one or more network nodes as
the devices 200. Each of the D2D devices 100 is able to
receive signals from and/or transmit signals to at least
one network node as the device 200. The D2D device

100 may also maintain a communication link with the
network node as the device 200.
[0164] The D2D operation may include (e.g., in addi-
tion or prior to a data transmission on the SL) control
signaling. E.g. in PNC or INC, the device 200 may trans-
mit some control information for the D2D operation to the
devices 100, and/or the device 100 may transmit some
other control information to the other D2D devices (e.g.,
further devices 100) or one or more devices 200 (e.g.,
one or more eNBs) of the WAN.
[0165] The control information may include D2D re-
source grants for D2D communication transmitted by the
device 200, e.g., via cellular downlink control channels.
The D2D transmissions may occur on radio resources
that are configured by the WAN or selected autonomous-
ly by one or more of the D2D devices 100.
[0166] In an LTE implementation, D2D communication
supports two different modes of D2D operation. In mode
1, the location (e.g., in time and/or frequency) of radio
resources for transmission of a scheduling assignment
by the device 100, that is transmitting or broadcasting in
the step 308, is configured by the device 200 or another
network node of the WAN. The location of the one or
more resources for transmission of the D2D data by the
device 100 in the step 308 is configured by the device
200 or another network node of the WAN.
[0167] In mode 2, a pool of radio resource for sched-
uling assignment is pre-configured and/or semi-statically
allocated. The device 100, on its own, selects the radio
resource for scheduling assignment (e.g., in the step 308)
from the resource pool for scheduling assignment to
transmit its scheduling assignment.
[0168] Fig. 9 schematically illustrates the D2D opera-
tion (indicated by solid arrows) as an extensions of the
LTE operation of the WAN (indicated by lined-arrows) for
an LTE-based WAN.
[0169] The D2D operation may support a vehicular or
"V2x" operation, which includes any combination of direct
communication between vehicles, pedestrians and infra-
structure. Therefore, "x" in "V2x" may denote "vehicular"
(or V2V), or may denote "pedestrian" (or V2P) or may
denote "infrastructure" (or V2I), etc. Any implementation
or embodiment described herein may be applicable for
any type of D2D operation including ProSe and V2x.
[0170] The V2x communication may take advantage
of infrastructure of the WAN (e.g., the devices 200), if
available (e.g., in PNC or INC). In addition, at least basic
V2x connectivity may be available even in case of lack
of WAN coverage (e.g., in ONC). Providing an LTE-
based V2x interface may be economically advantageous
because of the LTE economies of scale and it may enable
tighter integration between communications with the
WAN infrastructure (e.g., using V2I) and V2P and V2V
communications, as compared to using a dedicated V2x
technology (e.g., a RAT other than LTE).
[0171] V2x communications may carry non-safety
and/or safety information. Each of the applications and
services may be associated with specific requirements
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sets, e.g., in terms of latency, reliability, capacity, etc.
The European Telecommunications Standards Institute
(ETSI) has defined two types of messages for road safe-
ty, e.g., including co-operative Awareness Message
(CAM) and Decentralized Environmental Notification
Message (DENM).
[0172] The V2V operation may support higher veloci-
ties compared to legacy cellular devices, e.g., an abso-
lute velocity of 250 km/h and/or a relative velocity of 500
km/h. Unlike legacy devices, the V2V devices may be
wireless connected while moving fast, and the operating
scenario can be quite dense. As V2V operation is based
on ProSe and/or D2D technology, the V2V operation may
operate both in-coverage (INC or PNC) and out-of-net-
work coverage (ONC). The V2V operation may use a
dedicated spectrum (e.g., licensed spectrum) or it can
operate with shared spectrum (e.g., unlicensed spectrum
and/or spectrum including 5 GHz, 6 GHz or higher radio
frequency bands).
[0173] The dedicated spectrum may be strictly as-
signed to the V2V operation. The shared spectrum may
be shared between several other technologies. In an ex-
ample, the LTE uplink spectrum (or a certain portion
thereof) may be shared between LTE uplink and the V2V
operation. In another example, the spectrum may be
shared between unlicensed technology (e.g., a RAT
based on IEEE 802.11) and the V2V operation.
[0174] Fig. 10 schematically illustrates a subframe
structure 1000 for the D2D operation. E.g., 14 subframes
are comprised in a radio frame 1002. D2D data or D2D
messages may be transmitted on a Physical SL Broad-
cast Channel (PSBCH) 1004.
[0175] If the devices 100 (e.g., UEs) are within WAN
coverage, the synchronization may be derived from
downlink signals transmitted by the device 200 or any
network node (e.g., an eNodeB) of the WAN. In LTE,
these signals are the Primary and the Secondary Syn-
chronization Signals (PSS and SSS). The devices 100
derive from these two signals the frequency and the sec-
ond time reference so that the devices 100 can access
the radio resources without creating interference to other
users of the WAN. In addition, these two signals carry
the identifier of the cell (Physical Cell ID or PCI).
[0176] In the D2D operation (which may also be re-
ferred to as direct mode of the device 100), e.g., if ONC,
there a need to share common frequency and/or time
references between D2D devices, e.g., embodiments of
the device 100. Hence, at least one embodiment of the
device 100 transmits (e.g., in the step 308) signals for
that purpose on the SL. The sidelink synchronization sig-
nals include a Primary Sidelink Synchronization Signals
(PSSS) 1006 and a Secondary Sidelink Synchronization
Signals (SSSS) 1008. Each of the PSSS 1006 and/or the
SSSS 1008 may be computed from a Zadoff-Chu se-
quence (e.g., of length 62). The PSSS 1006 and/or the
SSSS 1008 are transmitted on the 62 carriers in the cent-
er of the SL spectrum (with the frequency indicated on
the vertical axis in Fig. 10).

[0177] The PSSS 1006 and the SSSS 1008 carry a
sidelink identifier (SID). The SID indicates whether the
device 100 transmitting the sidelink synchronization sig-
nals 1006 and 1008 has derived its synchronization from
the second reference timing of the WAN or from the first
reference timing determined in the step 306 and/or the
step 406.
[0178] Fig. 11 shows a schematic block diagram for a
radio node embodiment 1100 of the device 100. The em-
bodiment 1100 comprises an interface 1102 connected
or connectable to an antenna or antenna array of the
device 100.
[0179] The embodiment 1100 comprises one or more
processors 1104 and memory 1106 operatively coupled
to one or more processors 1104. The memory 1106 is
encoded with instructions that cause the one or more
processors 1104 to perform the method 300. For exam-
ple, the memory 1106 may include the modules 102, 104,
106 and 108.
[0180] Fig. 12 shows a schematic block diagram for a
network node embodiment 1200 of the device 200. The
embodiment 1200 comprises an interface 1202 connect-
ed or connectable to an antenna or antenna array of the
device 200.
[0181] The embodiment 1200 comprises one or more
processors 1204 and memory 1206 operatively coupled
to one or more processors 1204. The memory 1206 is
encoded with instructions that cause the one or more
processors 1204 to perform the method 400. For exam-
ple, the memory 1206 may include the modules 202 and
206, and optionally, the module 204 and/or 208.
[0182] As has become apparent from above descrip-
tion of exemplary embodiments, the technique can be
implemented to select from a plurality of GNSS systems,
e.g., to optimize the reference timing used for other pur-
poses, e.g., D2D and/or V2x communication. The impact
of D2D and/or V2x operation on WAN communication
can be minimized in at least some embodiments. E.g.,
there is no or negligible degradation on the WAN com-
munication. The technique can be implemented to en-
hance the performance of D2D and/or V2X operation,
e.g., since the D2D device has a capability of selecting
the most optimal GNSS timing reference with least timing
misalignment.
[0183] Many advantages of the present invention will
be fully understood from the foregoing description, and
it will be apparent that various changes may be made in
the form, construction and arrangement of the units and
devices without departing from the scope of the invention
and/or without sacrificing all of its advantages. Since the
invention can be varied in many ways, it will be recog-
nized that the invention should be limited only by the
scope of the following claims.

Claims

1. A method (300) of performing a device-to-device,
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D2D, operation, the method comprising the following
steps:

for each of two or more non-terrestrial synchro-
nization sources (602), obtaining (302) a first ref-
erence timing of the corresponding non-terres-
trial synchronization source (602);
obtaining (304) a second reference timing of a
terrestrial synchronization source (604);
determining (306) one of the non-terrestrial syn-
chronization sources (602) based on a compar-
ison between the first reference timings and the
second reference timing; and
performing (308) the D2D operation using the
first reference timing of the determined non-ter-
restrial synchronization source (602).

2. The method of claim 1, wherein the D2D operation
relates to at least two D2D devices (100) within range
for direct or relayed radio communication.

3. The method of claim 2, wherein the method is per-
formed by one of the at least two D2D devices (100).

4. The method of claim 3, wherein the determined non-
terrestrial synchronization source (602) is reported
to the at least one other D2D device.

5. The method of any one of claims 1 to 4, wherein the
terrestrial synchronization source (604) includes a
synchronization source device comprised in a wire-
less access network, WAN (800).

6. The method of claim 5, wherein at least one of the
D2D devices (100) is not comprised in the WAN
(800).

7. The method of any one of claims 1 to 6, wherein the
comparison includes:
for each of the non-terrestrial synchronization sourc-
es (602), determining a relation between the first ref-
erence timing of the corresponding non-terrestrial
synchronization source (602) and the second refer-
ence timing.

8. The method of claim 7, wherein the relation includes
at least one of a time misalignment and a drift be-
tween the first reference timing of the corresponding
non-terrestrial synchronization source (602) and the
second reference timing.

9. The method of claim 7 or 8, wherein the one non-
terrestrial synchronization source (602) is deter-
mined if the corresponding relation fulfils a prede-
fined margin and/or includes a minimum among the
relations for the non-terrestrial synchronization
sources (602).

10. The method of any one of claims 7 to 9, wherein
using the first reference timing of the determined
non-terrestrial synchronization source (602) further
includes correcting the first reference timing depend-
ing on the corresponding relation.

11. The method of any one of claims 1 to 10, wherein at
least one of the first reference timings and the second
reference timing is obtained by time-correlating a sig-
nal (1006; 1008) received from the corresponding
synchronization source (604) with a predefined ref-
erence signal or synchronization signal.

12. The method of any one of claims 1 to 11, wherein
the first reference timing of the determined non-ter-
restrial synchronization source is used to define a
frame structure (500) of the D2D operation.

13. The method of any one of claims 1 to 12, wherein
the D2D operation includes at least one of
a radio transmission from a first D2D device (100)
to a second D2D device (100; 200), wherein the radio
transmission is scheduled based on the first refer-
ence timing of the determined non-terrestrial syn-
chronization source (602); transmitting or receiving
sidelink synchronization signals (1006, 1008);

determining a starting time and/or a time period
for receiving a radio signal from a D2D device
or transmitting a radio signal to a D2D device;
and
performing a handover.

14. The method of any one of claims 1 to 13, wherein at
least the step (302) of obtaining the first reference
timings is triggered by at least one of:

discovering at least one of the non-terrestrial
synchronization sources (602);
receiving assistance information for at least one
of the non-terrestrial synchronization sources
(602);
determining that the relation between a currently
used first reference timing and the second ref-
erence timing exceeds a predefined margin; and
determining that a received signal quality of a
currently used non-terrestrial synchronization
source, a D2D device or a network node falls
below a predefined threshold.

15. A computer program product comprising program
code portions for performing the steps of any one of
the claims 1 to 14 when the computer program prod-
uct is executed on one or more computing devices.

16. A device (100) for performing a device-to-device,
D2D, operation, the device being configured to per-
form the steps of:
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for each of two or more non-terrestrial synchro-
nization sources (602), obtaining a first refer-
ence timing of the corresponding non-terrestrial
synchronization source;
obtaining a second reference timing of a terres-
trial synchronization source (604);
determining one of the non-terrestrial synchro-
nization sources based on a comparison be-
tween the first reference timings and the second
reference timing; and
performing the D2D operation using the first ref-
erence timing of the determined non-terrestrial
synchronization source.

17. The device of claim 16, further configured to perform
the steps of any one of claims 2 to 14.

Patentansprüche

1. Verfahren (300) zur Durchführung eines Gerät-zu-
Gerät, D2D,-Betriebs, wobei das Verfahren die fol-
genden Schritte umfasst:

Abrufen (302) für jede von zwei oder mehr nicht-
terrestrischen Synchronisationsquellen (602)
eines ersten Referenztakts der entsprechenden
nicht-terrestrischen Synchronisationsquelle
(602)
Abrufen (304) eines zweiten Referenztakts ei-
ner terrestrischen Synchronisationsquelle
(604);
Bestimmen (306) einer der nicht-terrestrischen
Synchronisationsquellen (602) basierend auf ei-
nem Vergleich zwischen den ersten Referenz-
takten und dem zweiten Referenztakt; und
Durchführen (308) des D2D-Betriebs unter Ver-
wendung des ersten Referenztakts der be-
stimmten nicht-terrestrischen Synchronisati-
onsquelle (602);

2. Verfahren nach Anspruch 1, wobei der D2D-Betrieb
mindestens zwei D2D-Geräte (100) innerhalb einer
Reichweite für direkte oder weitergeleitete Funk-
kommunikation betrifft.

3. Verfahren nach Anspruch 2, wobei das Verfahren
von einem der mindestens zwei D2D-Geräte (100)
durchgeführt wird.

4. Verfahren nach Anspruch 3, wobei die bestimmte
nicht-terrestrische Synchronisationsquelle (602) an
das mindestens eine andere D2D-Gerät gemeldet
wird.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei
die terrestrische Synchronisationsquelle (604) ein
Synchronisationsquellengerät umfasst, das in ei-

nem drahtlosen Zugangsnetzwerk, WAN, (800) um-
fasst ist.

6. Verfahren nach Anspruch 5, wobei mindestens ei-
nes der D2D-Geräte (100) nicht im WAN (800) um-
fasst ist.

7. Verfahren nach einem der Ansprüche 1 bis 6, wobei
Vergleich umfasst:
Bestimmen für jede der nicht-terrestrischen Syn-
chronisationsquellen (602) einer Beziehung zwi-
schen dem ersten Referenztakt der entsprechenden
nicht-terrestrischen Synchronisationsquelle (602)
und dem zweiten Referenztakt.

8. Verfahren nach Anspruch 7, wobei die Beziehung
mindestens eine von einer zeitlichen Fehlanpassung
und einer Drift zwischen dem ersten Referenztakt
der entsprechenden nicht-terrestrischen Synchroni-
sationsquelle (602) und dem zweiten Referenztakt
umfasst.

9. Verfahren nach Anspruch 7 oder 8, wobei die eine
nicht-terrestrische Synchronisationsquelle (602) be-
stimmt wird, wenn die entsprechende Beziehung ei-
ne vordefinierte Toleranz erfüllt und/oder ein Mini-
mum unter den Beziehungen für die nicht-terrestri-
schen Synchronisationsquellen (602) umfasst.

10. Verfahren nach einem der Ansprüche 7 bis 9, wobei
das Verwenden des ersten Referenztakts der be-
stimmten nicht-terrestrischen Synchronisations-
quelle (602) ferner ein Korrigieren des ersten Refe-
renztakts in Abhängigkeit von der entsprechenden
Beziehung umfasst.

11. Verfahren nach einem der Ansprüche 1 bis 10, wobei
mindestens einer der ersten Referenztakte und des
zweiten Referenztakts durch zeitliches Korrelieren
eines Signals (1006; 1008), das von der entspre-
chenden Synchronisationsquelle (604) empfangen
wird, mit einem vordefinierten Referenzsignal oder
Synchronisationssignal erhalten wird.

12. Verfahren nach einem der Ansprüche 1 bis 11, wobei
der erste Referenztakt der bestimmten nicht-terres-
trischen Synchronisationsquelle zum Definieren ei-
ner Rahmenstruktur (500) des D2D-Betriebs ver-
wendet wird.

13. Verfahren nach einem der Ansprüche 1 bis 12, wobei
der D2D-Betrieb mindestens eines umfasst von:

einer Funkübertragung von einem ersten D2D-
Gerät (100) an ein zweites D2D-Gerät (100;
200), wobei die Funkübertragung basierend auf
dem ersten Referenztakt der bestimmten nicht-
terrestrischen Synchronisationsquelle (602)
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disponiert wird;
Senden oder Empfangen von Sidelink-Synchro-
nisationssignalen (1006, 1008);
Bestimmen einer Startzeit und/oder einer Zeit-
dauer zum Empfangen eines Funksignals von
einem D2D-Gerät oder Senden eines Funksig-
nals an ein D2D-Gerät; und
Durchführen eines Handovers.

14. Verfahren nach einem der Ansprüche 1 bis 13, wobei
wenigstens der Schritt (302) des Abrufens der ersten
Referenztakte ausgelöst wird durch mindestens ei-
nes von:

Erkennen mindestens einer der nicht-terrestri-
schen Synchronisationsquellen (602);
Empfangen von Hilfsinformationen für die min-
destens eine der nicht-terrestrischen Synchro-
nisationsquellen (602) ;
Bestimmen, dass die Beziehung zwischen ei-
nem gegenwärtig verwendeten ersten Refe-
renztakts und dem zweiten Referenztakt eine
vordefinierte Toleranz überschreitet; und
Bestimmen, dass eine Empfangssignalqualität
einer gegenwärtig verwendeten nicht-terrestri-
schen Synchronisationsquelle, eines D2D-Ge-
räts oder eines Netzwerkknotens unter eine vor-
definierte Schwelle abfällt.

15. Computerprogrammprodukt, umfassend Pro-
grammcodeabschnitte zum Ausführen der Schritte
nach einem der Ansprüche 1 bis 14, wenn das Com-
puterprogrammprodukt auf einem oder mehreren
Computergeräten ausgeführt wird.

16. Gerät (100) zum Durchführen eines Gerät-zu-Gerät,
D2D,-Betriebs, wobei das Gerät zum Ausführen der
folgenden Schritte konfiguriert ist:

Abrufen für jede von zwei oder mehr nicht-ter-
restrischen Synchronisationsquellen (602) ei-
nes ersten Referenztakts der entsprechenden
nicht-terrestrischen Synchronisationsquelle;
Abrufen eines zweiten Referenztakts einer ter-
restrischen Synchronisationsquelle (604);
Bestimmen einer der nicht-terrestrischen Syn-
chronisationsquellen basierend auf einem Ver-
gleich zwischen den ersten Referenztakten und
dem zweiten Referenztakt; und
Durchführen des D2D-Betriebs unter Verwen-
dung des ersten Referenztakts der bestimmten
nicht-terrestrischen Synchronisationsquelle.

17. Gerät nach Anspruch 16, das ferner zum Ausführen
der Schritte nach einem der Ansprüche 2 bis 14 kon-
figuriert ist.

Revendications

1. Procédé (300) de réalisation d’une opération de dis-
positif à dispositif, D2D, le procédé comprenant les
étapes suivantes :

pour chacune d’au moins deux sources de syn-
chronisation non terrestres (602), l’obtention
(302) d’un premier timing de référence de la
source de synchronisation non terrestre (602)
correspondante ;
l’obtention (304) d’un deuxième timing de réfé-
rence d’une source de synchronisation terrestre
(604) ;
la détermination (306) de l’une des sources de
synchronisation non terrestres (602) sur la base
d’une comparaison entre les premiers timings
de référence et le deuxième timing de
référence ; et
la réalisation (308) de l’opération D2D en utili-
sant le premier timing de référence de la source
de synchronisation non terrestre (602) détermi-
née.

2. Procédé selon la revendication 1, dans lequel l’opé-
ration D2D concerne au moins deux dispositifs D2D
(100) à portée d’une communication radio directe ou
relayée.

3. Procédé selon la revendication 2, dans lequel le pro-
cédé est réalisé par l’un des au moins deux dispo-
sitifs D2D (100) .

4. Procédé selon la revendication 3, dans lequel la
source de synchronisation non terrestre (602) déter-
minée est signalée à l’au moins un autre dispositif
D2D.

5. Procédé selon l’une quelconque des revendications
1 à 4, dans lequel la source de synchronisation ter-
restre (604) inclut un dispositif de source de synchro-
nisation compris dans un réseau d’accès sans fil,
WAN, (800).

6. Procédé selon la revendication 5, dans lequel au
moins l’un des dispositifs D2D (100) n’est pas com-
pris dans le WAN (800).

7. Procédé selon l’une quelconque des revendications
1 à 6, dans lequel la comparaison inclut :
pour chacune des sources de synchronisation non
terrestres (602), la détermination d’une relation entre
le premier timing de référence de la source de syn-
chronisation non terrestre (602) correspondante et
le deuxième timing de référence.

8. Procédé selon la revendication 7, dans lequel la re-
lation inclut au moins l’un d’un désalignement tem-
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porel et d’une dérive entre le premier timing de ré-
férence de la source de synchronisation non terres-
tre (602) correspondante et le deuxième timing de
référence.

9. Procédé selon la revendication 7 ou 8, dans lequel
la source de synchronisation non terrestre (602) est
déterminée si la relation correspondante respecte
une marge prédéfinie et/ou inclut un minimum parmi
les relations pour les sources de synchronisation non
terrestres (602).

10. Procédé selon l’une quelconque des revendications
7 à 9, dans lequel l’utilisation du premier timing de
référence de la source de synchronisation non ter-
restre (602) déterminée inclut en outre la correction
du premier timing de référence en fonction de la re-
lation correspondante.

11. Procédé selon l’une quelconque des revendications
1 à 10, dans lequel au moins l’un des premiers timi-
ngs de référence et du deuxième timing de référence
est obtenu par la corrélation temporelle d’un signal
(1006 ; 1008) reçu en provenance de la source de
synchronisation (604) correspondante avec un si-
gnal de référence prédéfini ou un signal de synchro-
nisation prédéfini.

12. Procédé selon l’une quelconque des revendications
1 à 11, dans lequel le premier timing de référence
de la source de synchronisation non terrestre déter-
minée est utilisé pour définir une structure de trame
(500) de l’opération D2D.

13. Procédé selon l’une quelconque des revendications
1 à 12, dans lequel l’opération D2D inclut au moins
l’une de :

une transmission radio depuis un premier dis-
positif D2D (100) jusqu’à un deuxième dispositif
D2D (100 ; 200), dans lequel la transmission ra-
dio est programmée sur la base du premier ti-
ming de référence de la source de synchronisa-
tion non terrestre (602) déterminée ;
la transmission ou la réception de signaux de
synchronisation de liaison latérale (1006,
1008) ;
la détermination d’un temps de début et/ou
d’une période temporelle pour la réception d’un
signal radio en provenance d’un dispositif D2D
ou la transmission d’un signal radio à destination
d’un dispositif D2D ; et
la réalisation d’un transfert intercellulaire.

14. Procédé selon l’une quelconque des revendications
1 à 13, dans lequel au moins l’étape (302) de l’ob-
tention des premiers timings de référence est dé-
clenchée par au moins l’une de :

la découverte d’au moins l’une des sources de
synchronisation non terrestres (602) ;
la réception d’informations d’assistance pour au
moins l’une des sources de synchronisation non
terrestres (602) ;
la détermination que la relation entre un premier
timing de référence actuellement utilisé et le
deuxième timing de référence dépasse une
marge prédéfinie ; et
la détermination qu’une qualité de signal reçu
d’une source de synchronisation non terrestre
actuellement utilisée, d’un dispositif D2D ou
d’un nœud de réseau devient inférieure à un
seuil prédéfini.

15. Produit de programme informatique comprenant des
portions de code de programme pour réaliser les éta-
pes selon l’une quelconque des revendications 1 à
14 lorsque le produit de programme informatique est
exécuté sur un ou plusieurs dispositifs informati-
ques.

16. Dispositif (100) de réalisation d’une opération de dis-
positif à dispositif, D2D, le dispositif étant configuré
pour réaliser les étapes suivantes :

pour chacune d’au moins deux sources de syn-
chronisation non terrestres (602), l’obtention
d’un premier timing de référence de la source
de synchronisation non terrestre
correspondantes ;
l’obtention d’un deuxième timing de référence
d’une source de synchronisation terrestre
(604) ;
la détermination de l’une des sources de syn-
chronisation non terrestres sur la base d’une
comparaison entre les premiers timings de ré-
férence et le deuxième timing de référence ; et
la réalisation de l’opération D2D en utilisant le
premier timing de référence de la source de syn-
chronisation non terrestre déterminée.

17. Dispositif selon la revendication 16, configuré en
outre pour réaliser les étapes selon l’une quelconque
des revendications 2 à 14.
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